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The field of composite materials is both old and new. It is only since the early 
1960s have engineers and scientists exploited seriously the vast potential of fabricated 
fibrous composite materials. Development of new composites and new applications of 
composites is now accelerating. This project is a study of how the critical load changed if 
we varying the length of strut. Besides that, we need to design the test rig that hold 
column during the buckling test with using fixed-fixed as the boundary condition. 
Comparison between the buckling test method and theoretical from resin burn-off test 
data will be analysed and determine the suitable length that valid through compression or 
buckling. Any error occurs between theoretical and experimental will be minimize by 
modify the original equation of Euler Equation. Here, the aspects that we will see is the 
factor which contribute to the effect of buckling whether the length, geometry, Young's 
modulus or the volume fraction of fibres ,etc. 
vi 
ABSTRAK 
Bidang komposit terdiri daripada unsur baru dan lama. Pada awal tahun 1960, 
baru ada di kalangan jurutera dan saintis menceburkan diri secara serius dalam 
penyediaan bahan komposit bergentian. Penyelidikan dalam bahan komposit dan aplikasi 
yang terbaru berkaitan komposit semakin membangun. Projek ini adalah untuk mengkaji 
bagaimana beban kritikal berubah jika diubah panjang topang. Selain itu, keperluan 
merekabentuk peralatan ujian yang memegang topang semasa ujian ledingan dengan 
keadaan sempadan terbina dalam di kedua sisi. Perbandingan di antara kaedah ujian 
ledingan dan teori daripada data ujian pembakaran resin akan dianalisa dan seterusnya 
penentuan panjang topang yang bersesuaian samada lebih terarah kepada pemampatan 
atau ledingan. Sebarang ralat diantara teori dan eksperimen akan dikurangkan melalui 
pengubahsuaian teori Euler. Di sini, aspek yang ingin kita amati ialah faktor yang 
memberi sumbangan kepada kesan ledingan samada panjang topang, geometri, Modulus 
Young atau isipadu kandungan gentian dsbnya. 
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Pultruded fibre reinforced plastic(FRP) composite structural shapes (beams 
and columns) are thin walled open or closed sections consisting of assemblies of flat 
plates and commonly made of E-glass fibre and either polyester or vinylester resins. 
Due to high strength to stiffness ratio of composites and thin walled sectional 
geometry of FRP shapes, buckling is the most likely mode of failure before material 
failure. 
On November 2004, Pizhong Qiao and Luyang Shan are using commercial 
finite element program (ANSYS) and shell layered element (SHELL 99) to 
determine which plate element either flange or web will buckle first. Besides that, 
they compute critical stress resultant (Nx)CT\t in terms of rotational restraint 
stiffness(k) for structural shapes like box-, I-, C-, T-, Z- and L- sections. This project 
concentrate more on experimental and theoretical in determine the critical load, 
stress and validity level rather than software. 
Nowadays, FRP composites are widely used as it offer more mechanical and 
physical advantages compared to other engineering material. Vinylester resins are 
superior in heat resistance, adhesion, corrosion resistance and also mechanical 
properties among thermosetting resins and are widely used for coatings, adhesives, 
2 
electric insulating materials and matrices for fibre reinforced plastic (FRP) in areas 
such as aircrafts, electronics electric power and building and civil engineering. The 
factors determining the structure of cured resins and affecting the physical and 
mechanical properties are as follows:-
a) Curing mechanism : kind of functional groups of hardeners. 
b) Number of functional groups in resins and hardeners; density of 
crosslinking. 
c) Molecular structure of bridges between functional groups in resins 
and hardeners. 
d) Molar ratio of resin and hardener ; density of crosslinking. 
e) Degree of curing or curing conditions. 
Slender columns are subject to a type of behavior known as buckling. As 
long as the load on such a member is relatively small, increases in the load result 
only in an axial shortening of the member. However, once a certain critical load is 
reached, the member suddenly bows out sideways. This bending gives rise to large 
deformations which in turn cause the member to collapse. The load at which 
buckling occurs is thus a design criterion for compression members. Even as simple 
a structural element as an axially loaded member behaves in a fairly complex 
manner. It is therefore desirable to begin the study of columns with a very idealized 
case, the Euler column. 
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1.2 Problem statement 
Studies on buckling of Glass Fibre Reinforced Polymer (GFRP) are very 
wide and many of them using GFRP with filament wound structure compared to the 
pultrusion method. They are more concern with the circular geometry rather to the 
T-bar or I-bar geometry and with different orientation alignment angles of fibres. 
Knowing that the buckling loads were strongly affected by the fibres orientation and 
the stacking sequence, methods which can provide results on other geometry like T-
bar or I-bar and unidirectional fibres are very essential for initial comparison. 
Furthermore, the experimental works of filament winding process are mostly 
contributed towards the microstructural behaviour and other combination load of 
axial compression and superimposed torsion, without concerning on critical load 
analysis and validity level. Hence, this research is initiated to provide further 
analysis, both theoretical and experimental aspects to the latter cases. Besides that, if 
large error produced between theoretical and experimental works, we need to 
modify the Euler equation in order to follow the data of experimental value. 
1.3 Objective 
The objective of this project is to design the test rig that hold the specimen 
and to determine the critical load and validity level for GFRP pultruded T-bar/I-bar 
under buckling load. From the validity level, we can determine a suitable range of 
length that valid under compression or buckling. For this project, we make a 
comparison between the theoretical analysis and experiments using Euler column 
test method. We need to verify the error and if large error produced between both 
experimental and theoretical value, the modification of Euler equation must be done 
in order to fix the error so that it will follows the experimental data. 
